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Description 

The  present  invention  relates  to  a  method  of 
and  an  apparatus  for  manufacturing  a  composite 
material  according  to  the  preamble  of  claim  1  and 
claim  3,  respectively. 

It  relates  to  the  field  of  composite  reinforced 
metal  type  materials,  in  which  a  reinforcing 
material  is  compounded  with  matrix  metal  to 
form  a  so  called  two  phase  or  reinforced  material. 
In  such  reinforced  material,  the  reinforcing 
material  may  be  in  the  form  of  fibers,  threads, 
whiskers  or  powder,  and  the  material  of  this 
reinforcing  material  may  be  boron,  carbon, 
alumina,  silica,  silicon  carbide,  carbon  or  ceramic, 
or  mixtures  thereof,  which  have  high  strength  and 
high  elasticity.  Further,  as  matrix  metal  may  be 
used  a  metal  such  as  aluminum  or  magnesium  or 
an  alloy  thereof. 

In  motor  vehicles  and  aircraft,  nowadays,  the 
constant  demand  for  lightening  and  strengthen- 
ing  of  structural  members  and  parts  has  meant 
that  constructuion  from  light  materials  such  as 
aluminum  or  magnesium  has  become  common. 
Problems  arise,  however,  in  making  parts  from 
aluminum  or  magnesium  or  their  alloys,  despite 
the  light  weight  of  these  materials,  and  despite 
their  easy  workability,  because  the  mechanical 
characteristics  of  such  materials  such  as  strength, 
including  bending  resistance,  torsion  resistance 
and  tensile  strength,  are  inferior  to  those  of 
competing  materials  such  as  steel.  Further,  the 
occurrence  of  cracking  and  the  spreading  of 
cracks  in  parts  made  of  aluminum  or  magnesium 
or  alloys  thereof  can  be  troublesome.  Therefore, 
for  parts  the  strength  of  which  is  critical  there  are 
limits  to  the  application  of  aluminum  or  mag- 
nesium  or  their  alloys. 

Accordingly,  for  such  critical  members,  it  has 
become  known  and  practiced  for  them  to  be 
formed  out  of  so  called  two  phase  or  composite 
materials,  in  which  reinforcing  material  is  dis- 
persed  within  a  matrix  of  metal.  Thus,  if  the 
matrix  metal  is  aluminum  or  magnesium  alloy, 
then  the  advantages  with  regard  to  weight  and 
workability  of  using  this  type  of  alloy  as  a  con- 
structional  material  can  be  obtained  to  a  large 
degree,  while  avoiding  many  of  the  dis- 
advantages  with  regard  to  low  strength  and  crack- 
ability;  in  fact,  the  structural  strength  of  the 
composite  materials  made  in  this  way  can  be  very 
good,  and  the  presence  of  the  reinforcing  material 
can  stop  the  propagation  of  cracks  through  the 
aluminum  or  magnesium  alloy  matrix  metal. 

Various  proposals  have  been  made  with  regard 
to  compositions  for  such  fiber  reinforced  metal 
type  composite  materials,  and  with  regard  to 
methods  of  manufacture  thereof  and  apparatuses 
for  performing  such  manufacture.  However,  one 
of  the  best  so  far  implemented  has  been  the  high 
pressure  casting  method,  a  summary  of  which,  as 
far  as  its  conventional  practice  is  concerned,  will 
now  be  given. 

First  a  mass  of  reinforcing  material  such  as 
reinforcing  fibers  is  placed  in  the  mold  cavity  of  a 

casting  mold,  and  then  a  quantity  of  molten 
matrix  metal  is  poured  into  the  mold  cavity.  The 
free  surface  of  the  molten  matrix  metal  is  then 
pressurized  to  a  high  pressure  such  as  approxi- 

5  mately  1000  kg/cm2  by  a  plunger,  which  may  be 
slidingly  fitted  into  the  mold.  Thereby  the  molten 
matrix  metal  is  intimately  infiltrated  into  the 
interstices  of  the  mass  of  reinforcing  material, 
under  the  influence  of  this  pressure.  This 

w  pressurized  state  is  maintained  until  the  matrix 
metal  has  completely  solidified.  Then  finally,  after 
the  matrix  metal  has  solidified  and  cooled  into  a 
block,  this  block  is  removed  from  the  casting 
mold,  and  the  surplus  matrix  metal  around  the 

w  reinforcing  material  is  removed  by  machining,  so 
that  the  composite  material  mass  itself,  consist- 
ing  of  the  mass  of  reinforcing  material  impreg- 
nated  with  matrix  metal,  is  isolated.  This  high 
pressure  casting  method  has  the  advantage  of 

20  low  cost,  and  it  is  possible  thereby  to  manufac- 
ture  an  element  of  a  relatively  complicated  shape 
with  high  efficiency. 

With  regard  to  this  high  pressure  casting 
method,  as  is  described  in  Japanese  patent 

25  application  serial  no.  Sho  55—107040  (1980),  the 
reinforcing  material  mass  may  be  preheated  to  a 
substantially  high  temperature  of  at  least  the 
melting  point  of  the  matrix  metal,  before  the 
matrix  metal  is  poured  into  the  mold  cavity  of  the 

30  casting  mold,  in  order  to  aid  with  the  proper 
penetration  into  and  proper  impregnation  of  the 
reinforcing  material  by  the  matrix  metal.  This 
preheating  ensures  that  as  the  molten  matrix 
metal  infiltrates  in  the  interstices  of  the  reinforc- 

35  ing  material,  it  is  not  undesirably  cooled  down  by 
the  reinforcing  material  being  cold,  so  as  to  at 
least  partly  solidify.  Such  solidification,  if  it 
occurs,  much  deteriorates  the  impregnation  of 
the  reinforcing  material  by  the  matrix  metal,  and 

40  accordingly  this  type  of  preheating  is  vey  benefi- 
cial. 

Further,  as  is  described  in  Japanese  patent 
application  serial  no.  Sho  56—32289  (1981),  the 
reinforcing  material  mass  may  be,  before  the 

45  casting  process,  charged  into  a  case  (which  may 
be  made  of  stainless  steel  or  the  like)  of  which 
only  one  end  is  left  open,  an  air  chamber  being 
left  between  the  reinforcing  material  mass  and 
the  closed  end  of  the  case,  and  then  the  case  with 

so  the  reinforcing  material  mass  therein  may  be 
placed  into  the  mold  cavity  of  the  casting  mold, 
and  pressure  casting  as  described  above  may  be 
carried  out.  This  concept  of  utilizing  a  case  with 
an  air  chamber  being  left  therein  again  serves  to 

55  aid  with  the  proper  penetration  into  and  proper 
impregnation  of  the  reinforcing  material  by  the 
matrix  metal,  because  the  air  left  in  the  air 
chamber,  when  the  matrix  metal  is  pressurized  at 
the  outside  of  the  case,  will  be  compressed  to 

60  almost  nothing  as  the  matrix  metal  in  the  molten 
state  flows  through  the  interstices  of  the  reinforc- 
ing  material  in  a  directed  fashion  towards  the  air 
chamber,  and  thereby  the  proper  penetration  of 
the  matrix  metal  into  the  interstices  of  the  rein- 

65  forcing  material  is  vey  much  helped. 
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Now,  with  regard  to  the  per  se  conventional 
>reheating  discussed  above,  in  this  high  pressure 
:asting  method,  this  is  conventionally  done  by 
leating  up  the  reinforcing  material,  which 
ypically  has  been  formed  into  a  shaped  mass,  to 
:aid  substantially  high  temperature  at  least  equal 
o  the  melting  point  of  the  matrix  metal,  and  then 
>y  rapidly  putting  the  reinforcing  material  into  the 
nold  cavity  of  the  casting  mold  and  immediately 
apidly  pouring  the  molten  matrix  metal  into  said 
nold  cavity  around  the  reinforcing  material, 
shortly  subsequently  applying  pressure  to  infil- 
rate  said  molten  matrix  metal  into  the  reinforcing 
naterial.  However,  when  this  is  done,  the  follow- 
ng  difficulties  arise. 

First,  if  the  reinforcing  material  shaped  mass  is 
nuch  smaller  is  size  than  the  mold  cavity  of  the 
;asting  mold,  in  which  case  said  shaped  mass 
nay  be  supported  within  the  mold  cavity  upon 
supports  as  suggested  in  the  previously  identified 
Japanese  patent  application,  then  the  advantage 
s  obtained  that  no  substantial  loss  of  heat  occurs 
:rom  the  thus  preheated  reinforcing  material  to 
:he  sides  of  the  mold  cavity,  before  the  matrix 
metal  in  the  molten  state  has  been  completely 
Doured  into  said  mold  cavity.  On  the  other  hand, 
the  disadvantage  is  caused  that  the  finished 
composite  material  mass  produced  consists  of  a 
mass  of  reinforcing  material  infiltrated  with  mat- 
rix  metal  with  a  relatively  thick  layer  of  solidified 
pure  matrix  metal  around  it.  Now,  this  is  often 
very  inconvenient  for  post  processing  of  the 
composite  material,  since  stripping  off  of  such  a 
thick  layer  of  matrix  metal  from  the  outside  of  the 
finished  produced  metallic  block  part  of  which  is 
composite  reinforced  by  the  included  reinforcing 
material  is  substantially  troublesome,  and  since 
in  many  applications  a  piece  of  material  is 
required  which  is  substantially  completely  com- 
posed  of  reinforced  material,  i.e.  is  without  any 
parts  made  only  of  matrix  metal. 

But  if  instead  the  reinforcing  material  shaped 
mass  is  almost  equal  in  size  to  the  mold  cavity  of 
the  casing  mold,  then  the  disadvantage  is  caused 
that  substantial  loss  of  heat  occurs  from  the  thus 
preheated  reinforcing  material  to  the  sides  of  the 
mold  cavity,  before  the  matrix  metal  In  the  molten 
state  has  been  completely  poured  into  said  mold 
cavity,  which  can  seriously  deteriorate  the  infiltra- 
tion  of  the  molten  matrix  metal  into  the  interstices 
of  the  reinforcing  material  and  the  quality  of  the 
resulting  composite  material;  although  on  the 
other  hand  the  advantage  is  obtained  that  the 
finished  composite  material  mass  produced  con- 
sists  of  a  mass  of  reinforcing  material  infiltrated 
with  matrix  metal  with  a  relatively  thin  layer  of 
solidified  pure  matrix  metal  around  it,  which  as 
explained  above  is  often  very  convenient  for  post 
processing  of  the  composite  material.  In  fact,  it 
has  in  the  prior  art  appeared  quite  difficult  to 
resolve  this  conflict. 

Further,  when  the  reinforcing  material  mass  is, 
before  the  casting  process,  charged  into  a  case  of 
which  only  one  end  is  left  open,  an  air  chamber 
being  left  between  the  reinforcing  material  mass 

and  the  ciosea  ena  ot  xne  case,  ana  ine  mgn 
pressure  casting  process  is  carried  out  with  the 
reinforcing  material  remaining  in  this  case,  as 
outlined  above  and  as  described  in  the  previously 

j  identified  Japanese  patent  application  at  length, 
then,  although  the  proper  penetration  into  and 
proper  impregnation  of  the  reinforcing  material 
by  the  matrix  metal  is  thereby  greatly  aided,  the 
problems  described  above  with  regard  to  isolat- 

es  ing  the  finished  composite  material,  which  of 
course  involves  stripping  off  of  the  case  from  the 
outside  of  the  finished  composite  reinforced 
material,  are  intensified.  In  the  event  that  the  case 
is  made  of  stainless  steel,  which  is  a  suitable 

5  material  therefor,  the  difficulty  of  removing  the 
finished  composite  material  from  the  case  is  so 
high  as  to  be  unacceptable  in  practice.  This  has,  in 
the  prior  art,  made  it  difficult  to  take  advantage  of 
the  above  described  prior  art  concept  of  including 

>o  the  reinforcing  material  in  a  case  while  forming 
the  composite  material. 

US  —  A—  42  38  437  discloses  a  method  of  mak- 
ing  a  fiber-reinforced  plastic  article  which  com- 
prises  forming  at  least  one  layer  of  reinforcing 

>5  fibers  in  a  shape  defining  a  space,  placing  channel 
forming  means  within  the  space  with  channels 
generally  parallel  and  extending  substantially 
over  the  length  of  the  fibrous  layer  and  in  com- 
munication  therewith,  placing  the  combination 

?o  channel-forming  means  and  layer  in  a  mold  to 
completely  fill  the  cross-sectional  area  of  the 
mold,  with  the  channel-forming  means  spaced 
inwardly  from  the  inner  surface  of  the  mold  but 
communicating  with  at  least  one  end  thereof, 

?5  evacuating  the  mold,  subsequently  supplying 
plastic  material  to  the  mold  whereby  the  plastic 
material  will  flow  through  the  channels  and  into 
the  fibrous  layer  in  communication  therewith, 
removing  the  impregnated  combination  of  fibers 

io  and  channel-forming  means  from  the  mold,  and 
retaining  the  channel-forming  means  with  the 
impregnated  fiber  layer  as  part  of  the  finished 
article.  The  plastic  material  is  supplied  to  the 
mold  under  a  positive  pressure  in  order  to  bring 

45  the  plastic  material  into  the  fibrous  material. 
Accordingly,  it  is  the  primary  object  of  the 

present  invention  to  provide  a  method  for  manu- 
facturing  a  composite  material,  which  avoids  the 
above  described  problems. 

so  It  is  a  further  object  of  the  present  invention  to 
provide  a  method  for  manufacturing  a  composite 
material,  which  allows  the  advantages  of  the 
practice  of  preheating  the  reinforcing  material  to 
a  temperature  at  least  as  high  as  the  melting  point 

55  of  the  matrix  metal  to  be  satisfactorily  realized. 
It  is  further  object  of  the  present  invention  to 

provide  a  method  for  manufacturing  a  composite 
material,  which  avoids  the  occurrence  of  the 
problem  that  the  reinforcing  material,  after 

60  having  been  preheated,  should  become  too  much 
cooled  down  in  the  mold  cavity  of  the  casting 
mold,  before  the  molten  matrix  metal  is  poured 
thereinto. 

It  is  a  further  object  of  the  present  invention  to 
65  provide  a  method  for  manufacturing  a  composite 
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material,  which  well  infiltrates  the  molten  matrix 
metal  into  the  interstices  of  the  reinforcing 
material. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  method  for  manufacturing  a  composite 
material,  which  achieves  the  advantages  of  the 
previously  described  use  of  a  case  with  only  one 
end  open  for  containing  the  reinforcing  material 
during  the  high  pressure  casting  process,  without 
attendant  disadvantages. 

It  is  further  object  of  the  present  invention  to 
provide  a  method  for  manufacturing  a  composite 
material,  which  infiltrates  the  molten  matrix  metal 
into  the  interstices  of  the  reinforcing  material  in  a 
directed  manner. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  effectively  produces  a 
composite  material  mass  without  any  require- 
ment  for  extensive  post  machining  thereof. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  effectively  produces  a 
composite  material  mass  without  any  substantial 
extraneous  material  being  left  therearound. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  effectively  produces  a 
composite  material  mass  without  any  thick  layer 
of  surrounding  solidified  pure  matrix  metal. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  effectively  produces  a 
composite  material  mass  without  any  surround- 
ing  case  being  left  therearound. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  produces  composite 
material  at  low  cost. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  produces  composite 
material  in  an  efficient  manner. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  produces  composite 
material  which  has  good  mechanical  characteris- 
tics. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  manufacturing  a  com- 
posite  material,  which  produces  composite 
material  which  has  good  and  even  compounding 
between  the  matrix  metal  and  the  reinforcing 
material  thereof. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  an  apparatus  for  manufacturing  a 
composite  material,  by  practicing  such  a  method 
as  will  satisfy  the  above  objects. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  method  for  effectively  operating  such 
an  apparatus  for  manufacturing  a  composite 
material. 

The  method  aspect  of  the  invention  comprises 
a  method  of  manufacturing  a  composite  material 
in  which  a  formed  mass  of  reinforcing  material  2 

having  interstices  is  embedded  in  matrix  metal  by 
placing  and  submerging  said  formed  mass  of 
reinforcing  material  in  a  molten  mass  of  said 
matrix  metal  6  contained  in  a  pressure  chamber  4, 

5  applying  pressure  to  said  molten  mass  of  said 
matrix  metal  thereby  forcing  said  matrix  metal 
into  said  interstices  and  allowing  said  molten 
mass  of  said  matrix  metal  to  solidify  while  main- 
taining  the  pressure  applied  thereto,  charac- 

10  terized  by  moving  said  formed  mass  of  reinforc- 
ing  material  2  in  said  pressure  chamber  4  as 
submerged  in  said  molten  mass  of  said  matrix 
metal  6  from  said  pressure  chamber  4  where  a 
first  space  is  left  around  said  formed  mass  of 

is  reinforcing  material  for  receiving  said  molten 
mass  of  said  matrix  metal  to  a  casting  chamber  3 
where  a  second  space  which  is  substantially 
smaller  than  said  first  space  is  left  around  said 
formed  mass  of  reinforcing  material  for  receiving 

20  said  formed  mass  of  reinforcing  material  together 
with  said  molten  mass  of  said  matrix  metal  before 
said  molten  mass  of  said  matrix  metal  solidifies. 

According  to  such  a  method,  it  is  possible  to 
heat  the  formed  mass  of  reinforcing  material  2  up, 

25  as  for  example  to  a  temperature  at  least  equal  to 
the  melting  point  of  the  matrix  metal  6,  before 
placing  it  to  be  held  in  the  pressure  chamber  4, 
and,  since  the  pressure  chamber  4  is  substantially 
larger  than  the  reinforcing  material  mass  (which 

30  can  fit  into  the  casting  chamber),  said  reinforcing 
material  mass  2  need  not  come  to  be  very  near 
the  walls  of  said  pressure  chamber  7.  Thereby,  it 
will  not  occur  that  the  reinforcing  material,  after 
having  been  thus  preheated,  should  become  too 

35  much  cooled  down  in  the  pressure  chamber  4, 
before  the  molten  matrix  metal  6  is  poured 
thereinto.  Thus,  the  advantages  of  the  practice  of 
preheating  the  reinforcing  material  to  a  tempera- 
ture  at  least  as  high  as  the  melting  point  of  the 

40  matrix  metal  6  may  be  satisfactorily  realized,  and 
by  this  preheating  the  molten  matrix  metal  is  well 
infiltrated  into  the  interstices  of  the  reinforcing 
material.  Therefore,  the  resulting  composite 
material  has  good  mechanical  characteristics,  and 

'  45  good  and  even  compounding  are  obtained 
betwen  the  matrix  metal  and  the  reinforcing 
material  thereof.  Further,  because  the  casting 
chamber  3  into  which  the  reinforcing  material 
mass  2  is  moved  when  once  it  is  surrounded  by 

so  molten  matrix  metal  6  and  the  problem  of  cooling 
thereof  has  passed,  and  within  which  the  matrix 
metal  6  solidifies  within  and  around  the  reinforc- 
ing  material  mass  2,  is  substantially  smaller  than 
the  pressure  chamber  4,  and  may  in  fact  quite 

55  closely  conform  to  the  size  and  shape  of  said 
reinforcing  material  mass  2,  the  amount  of  post 
machining  of  the  composite  material  mass  pro- 
duced  by  this  method  is  reduced  as  compared 
with  the  case  of  a  conventional  process,  since  less 

60  extraneous  matrix  metal  is  left  around  the  com- 
posite  material.  Thereby  composite  material  can 
be  produced  at  low  cost  and  in  an  efficient 
manner. 

Further,  according  to  a  more  particular  method 
65  aspect  of  the  present  invention,  said  formed  mass 

4 



f  reinforcing  material  2,  after  being  moved  into 
aid  casting  chamber  3,  fits  closely  inside  said 
asting  chamber  3. 
According  to  such  a  method,  very  little  if  any 

latrix  metal  6  will  solidify  as  a  layer  around  the 
lass  of  composite  material  that  is  formed  by  the 
olidification  of  the  molten  matrix  metal  6  within 
ie  interstices  of  the  reinforcing  material  mass  2. 
hereby,  the  advantages  of  the  present  invention 
/ith  regard  to  economy  and  convenience  of 
nanufacture  of  the  resulting  composite  material 
re  best  realized.  In  the  best  case,  it  will  be 
iossibie  to  isolate  the  composite  material  pro- 
luced,  merely  by  a  single  cut  which  separates  the 
nass  of  matrix  metal  6  solidified  within  the 
iressure  chamber  4  from  the  mass  of  composite 
naterial  solidified  within  the  casting  chamber  3. 

Further,  before  said  formed  mass  of  reinforcing 
naterial  2  is  embedded  in  matrix  metal,  said 
ormed  mass  of  reinforcing  material  2  is  pre- 
dated  to  at  least  the  melting  point  of  said  matrix 
netal  6,  and/or  during  the  embedding  of  said 
ormed  mass  of  reinforcing  material  2  in  matrix 
netal  said  formed  mass  of  reinforcing  material 
ioes  not  substantially  approach  the  side  of  said 
>ressure  chamber  4. 

According  to  such  a  method,  the  heat  imparted 
o  said  formed  mass  of  reinforcing  material  2  by 
such  preheating  is  definitely  not  substantially  lost 
o  the  sides  of  said  pressure  chamber  4,  before 
said  molten  matrix  metal  is  poured  into  said 
iressure  chamber  4. 

Further,  said  moving  of  said  formed  mass  of 
■einforcing  material  2  from  said  pressure 
chamber  4  into  said  casting  chamber  3  is  per- 
brmed  mechanically;  or  alternatively  by  such  a 
nethod  of  manufacturing  a  composite  material  as 
:irst  described  above,  wherein  said  moving  of 
said  formed  mass  of  reinforcing  material  2  from 
said  pressure  chamber  4  into  said  casting 
chamber  3  is  performed  by  the  force  of  said 
pressure  applied  upon  said  molten  matrix  metal  6 
in  said  pressure  chamber  4,  which  has  the  advan- 
tage  of  simplicity. 

Yet  further,  said  casting  chamber  3  is  initially 
substantially  empty,  before  said  formed  mass  of 
reinforcing  material  2  is  embedded  in  said  molten 
matrix  metal  6  contained  in  said  pressure 
chamber  4  and  wherein  further,  before  said 
formed  mass  of  reinforcing  material  2  is  embed- 
ded  in  said  molten  matrix  metal  6  contained  in 
said  pressure  chamber  4,  said  formed  mass  of 
reinforcing  material  2  substantially  intercepts 
communication  between  said  pressure  chamber  4 
and  said  casting  chamber  3. 

According  to  such  a  method,  the  effect  of  the 
previously  identified  Japanese  patent  application 
serial  no.  Sho  56—32289  may  be  obtained,  since 
the  pressurized  matrix  metal  6  will  tend  to  perco- 
late  through  the  interstices  of  the  reinforcing 
material,  which  is  intercepting  communication 
between  said  pressure  chamber  4  and  said  cast- 
ing  chamber  3,  under  the  influence  of  the  differ- 
ence  in  pressure  between  these  two  chambers. 
Thereby,  the  advantages  of  using  a  case  with  one 

ena  oniy  open,  anu  an  an  uncmiuci  ucimcu 
therein,  as  described  previously,  are  attained,  and 
the  molten  matrix  metal  6  is  infiltrated  into  the 
interstices  of  the  reinforcing  material  in  a  directed 

»  manner.  This  is  done  without  the  need  arising  for 
the  removal  of  any  case  such  as  was  used  in  the 
above  identified  prior  art  from  around  the  com- 
posite  material,  after  solidification  of  the  matrix 
metal  6,  which  is  accordingly  very  advantageous. 

o  In  this  case,  it  may  be  that  said  moving  of  said 
formed  mass  of  reinforcing  material  2  form  said 
pressure  chamber  4  into  said  casting  chamber  3  is 
performed  by  the  force  of  said  pressure  applied 
upon  said  molten  matrix  metal  6  in  said  pressure 

5  chamber  4  which  is  not  balanced  by  a  comparable 
pressure  in  said  casting  chamber  3,  which  is  very 
convenient  and  easy. 

On  the  other  hand,  said  casting  chamber  3  is 
opened  up  by  the  retreat  of  a  pin  8  defining  a  part 

■o  of  the  surface  of  said  pressure  chamber  4,  as  said 
formed  mass  of  reinforcing  material  2  is  moved 
from  said  pressure  chamber  4  into  said  casting 
chamber  3;  and  in  this  case  it  may  be  that  said 
formed  mass  of  reinforcing  material  2  is  moved 

!5  from  said  pressure  chamber  4  into  said  casting 
chamber  3,  as  said  casting  chamber  3  opens  up, 
by  being  attached  to  said  pin  8  defining  a  part  of 
the  surface  of  said  pressure  chamber  4  and  being 
pulled  thereby  as  it  retreats.  This  pin  8  may  in  fact 

io  be  a  knock  pin  which  is  later  used  to  expel  the 
solidified  mass  from  the  apparatus. 

The  apparatus  aspect  of  the  invention  com- 
prises  an  apparatus  for  manufacturing  a  com- 
posite  material  in  which  a  formed  mass  of  rein- 

?5  forcing  material  2  having  interstices  is  embedded 
in  matrix  metal,  comprising  a  casting  mold  5 
having  a  pressure  chamber  4  for  receiving  a 
molten  mass  of  said  matrix  metal  6  and  said 
formed  mass  of  reinforcing  material  2  therein, 

io  and  a  plunger  7  slidably  engaged  in  a  part  of  said 
pressure  chamber  so  as  selectively  to  reduce  the 
effective  volume  of  said  pressure  chamber  and 
pressurize  said  molten  mass  of  said  matrix  metal 
received  therein,  characterized  by  a  casting 

45  chamber  3  defined  by  a  bore  formed  in  either  said 
casting  mold  5  or  said  plunger  7  and  a  pin  8 
slidably  engaged  in  said  bore,  the  volume  of  said 
casting  chamber  3  being  selectively  varied  by 
movement  of  said  pin  8  in  said  bore  relative  to 

50  said  casting  mold  5  so  as  selectively  to  receive  or 
not  to  receive  said  formed  mass  of  reinforcing 
material  2  therein. 

According  to  a  more  particular  apparatus 
aspect  said  pin  8  is  formed  with  a  protuberance  1  1 

55  at  an  end  thereof  facing  toward  the  inside  of  said 
pressure  chamber  4. 

According  to  another  more  particular  apparatus 
aspect  said  pin  8  is  formed  with  a  depression  17  at 
an  end  thereof  facing  toward  the  inside  of  said 

so  pressure  chamber  4. 
According  to  such  an  apparatus,  the  formed 

mass  of  reinforcing  material  2  may  be  heated  up 
for  example  to  a  temperature  at  least  equal  to  the 
melting  point  of  the  matrix  metal  6,  before  it  is 

65  placed  in  the  pressure  chamber  4  and,  since  the 
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pressure  chamber  4  is  substantially  largerthan  the 
reinforcing  material  mass  2  which  can  fit  into  the 
casting  chamber  3,  said  reinforcing  material  mass 
2  need  not  come  to  be  very  near  the  walls  of  said 
pressure  chamber  4,  and  thus  it  need  not  occur 
that  the  reinforcing  material  2  after  having  been 
thus  preheated  should  become  too  much  cooled 
down  in  the  pressure  chamber  4,  during  the 
inevitable  delay  period  before  the  molten  matrix 
metal  6  is  poured  thereinto.  Thus,  the  full  advan- 
tage  of  the  practice  of  preheating  the  reinforcing 
material  2  to  a  temperature  at  least  as  high  as  the 
melting  point  of  the  matrix  metal  6  may  be 
satisfactorily  realized,  and  by  the  performance  of 
this  preheating  the  molten  matrix  metal  6  is  well 
infiltrated  into  the  interstices  of  the  reinforcing 
material  2.  Therefore,  the  resulting  composite 
material  as  produced  by  this  apparatus  has  good 
mechanical  characteristics,  and  good  and  even 
compounding  are  ensured  to  be  obtained  between 
the  matrix  metal  6  and  the  reinforcing  material  2 
thereof.  Further,  because  the  casting  chamber  3, 
into  which  the  reinforcing  material  mass  2  is 
moved,  when  once  it  is  surrounded  by  molten 
matrix  metal  6  and  the  problem  of  cooling  thereof 
has  passed,  and  within  which  the  matrix  metal  6 
solidifies  within  and  around  the  reinforcing 
material  mass  2,  is  substantially  smaller  than  the 
pressure  chamber  4,  and  may  in  fact  quite  closely 
conform  to  the  size  and  shape  of  said  reinforcing 
material  mass  2,  the  amount  of  post  machining  of 
the  composite  material  mass  produced  by  this 
method  is  reduced  as  compared  with  the  case  of  a 
conventional  process,  since  less  extraneous  mat- 
rix  metal  6,  is  left  around  the  composite  material 
mass.  Thereby  composite  material  can  be  pro- 
duced  at  low  cost  and  in  an  efficient  manner. 

The  plunger  7  moves  said  formed  mass  of 
reinforcing  material  2  from  said  pressure  chamber 
4  into  said  casting  chamber  3.  Now,  the  casting 
chamber  4  may  be  selectively  opened  up  by  the 
retreat  of  a  pin  8  defining  a  part  of  the  surface  of 
said  pressure  chamber,  which  may  be  a  knock  out 
pin.  In  such  a  case,  the  plunger  7  for  moving  said 
formed  mass  of  reinforcing  material  from  said 
pressure  chamber  into  said  casting  chamber  may 
be  a  part  of  this  pin  8  which  is  adapted  to  pullingly 
receive  a  part  of  said  formed  mass  of  reinforcing 
material. 

The  present  invention  will  now  be  shown  and 
described  with  reference  to  several  preferred 
embodiments  thereof,  and  with  reference  to  the 
illustrative  drawings.  In  the  drawings,  like  parts 
and  features  are  denoted  by  like  reference  sym- 
bols  in  the  various  figures  thereof,  and: 

Fig.  1  is  an  explanatory  longitudinal  sectional 
view  of  a  first  preferred  embodiment  of  the 
apparatus  for  producing  composite  material 
according  to  the  present  invention,  shown  in  an 
earlier  stage  of  practicing  a  first  preferred  embodi- 
ment  of  the  method  for  manufacturing  composite 
material  according  to  the  present  invention  in 
which  a  tubular  reinforcing  material  mass  2  is 
located  within  an  upper  pressure  chamber  4 
thereof  and  is  held  therein  by  an  opening  in  said 

reinforcing  material  mass  2,  said  first  preferred 
apparatus  embodiment  providing  a  lower  casting 
chamber  3  below  said  upper  pressure  chamber  4 
thereof; 

5  Fig.  2  is  an  explanatory  longitudinal  sectional 
view,  similar  to  Fig.  1,  of  said  first  preferred 
embodiment  of  the  apparatus  according  to  the 
present  invention,  shown  in  a  later  stage  of 
practicing  said  first  preferred  embodiment  of  the 

w  method  according  to  the  present  invention,  in 
which  said  reinforcing  material  mass  2  is  located 
within  said  lower  casting  chamber  3  thereof; 

Fig.  3  is  a  detailed  perspective  view  of  said 
formed  body  or  mass  of  reinforcing  material  2, 

w  which  is  bing  incorporated  into  the  composite 
material  which  is  being  manufactured  by  the 
method  which  is  shown  as  being  practiced  in  Figs. 
1  and  2,  according  to  said  first  preferred  embodi- 
ment  of  the  present  invention; 

20  Fig.  4  is  an  explanatory  longitudinal  sectional 
view,  similar  to  Fig.  1,  of  a  second  preferred 
embodiment  of  the  apparatus  for  producing  com- 
posite  material  according  to  the  present  invention, 
shown  in  an  earlier  stage  of  practicing  a  second 

25  preferred  embodiment  of  the  method  for  manu- 
facturing  composite  material  according  to  the 
present  invention  in  which  a  tubular  reinforcing 
material  mass  2  is  located  within  a  lower  pressure 
chamber  4  thereof  and  is  held  therein  by  an 

30  opening  in  said  reinforcing  material  mass  2,  said 
second  preferred  apparatus  embodiment  provid- 
ing  an  upper  casting  chamber  3  above  said  lower 
pressure  chamber  4  thereof,  within  a  pressure 
plunger  7; 

35  Fig.  5  is  an  explanatory  longitudinal  sectional 
view,  similar  to  Fig.  2,  of  said  second  preferred 
embodiment  of  the  apparatus  according  to  the 
present  invention,  shown  in  a  later  stage  of 
practicing  said  second  preferred  embodiment  of 

40  the  method  according  to  the  present  invention,  in 
which  said  reinforcing  material  mass  2  is  located 
within  said  upper  casting  chamber  3  thereof; 

Fig.  6  is  an  explanatory  longitudinal  sectional 
view,  similar  to  Figs.  1  and  4,  of  a  third  preferred 

45  embodiment  of  the  apparatus  for  producing  com- 
posite  material  according  to  the  present  invention, 
shown  in  an  earlier  stage  of  practicing  a  third 
preferred  embodiment  of  the  method  for  manu- 
facturing  composite  material  according  to  the 

so  present  invention  in  which  cylindrical  reinforcing 
material  mass  2  is  located  within  an  upper 
pressure  chamber  4  thereof  and  is  held  therein  by 
a  projection  on  said  reinforcing  material  mass  2, 
said  third  preferred  apparatus  embodiment  pro- 

55  viding  a  lower  casting  chamber  3  below  said  upper 
pressure  chamber  4  thereof; 

Fig.  7  is  an  explanatory  longitudinal  sectional 
view,  similarto  Figs.  2  and  5,  of  said  third  preferred 
embodiment  of  the  apparatus  according  to  the 

60  present  invention,  shown  in  a  later  stage  of 
practicing  said  third  preferred  embodiment  of  the 
method  according  to  the  present  invention,  in 
which  said  reinforcing  material  mass  2  is  located 
within  said  lower  casting  chamber  3  thereof;  and 

65  Fig.  8  is  a  detailed  perspective  view  of  said 
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ylindrical  formed  body  or  mass  of  reinforcing 
naterial,  which  is  being  incorporated  into  the 
:omposite  material  which  is  being  manufactured 
>y  the  method  which  is  shown  as  being  practiced 
n  Figs.  6  and  7,  according  to  said  third  preferred 
imbodiment  of  the  present  invention. 

The  present  invention  will  now  be  described 
vith  reference  to  several  preferred  embodiments 
>f  the  method  and  the  apparatus  thereof,  and 
vith  reference  to  the  appended  drawings. 

"he  first  preferred  embodiment 
Fig.  1  and  Fig.  2  are  explanatory  longitudinal 

sectional  views  of  an  apparatus  or  casting  device 
I  which  is  a  first  preferred  embodiment  of  the 
apparatus  for  manufacturing  composite  material 
)f  the  present  invention,  shown  in  two  different 
jhases  of  performance  of  manufacture  of  com- 
posite  material  according  to  a  first  preferred 
jmbodiment  of  the  method  for  manufacturing 
jomposite  material  according  to  the  present 
nvention.  In  these  figures,  the  reference  numeral 
I  denotes  a  formed  body  of  reinforcing  material, 
shown  in  perspective  view  in  detail  in  Fig.  3, 
which  is  being  incorporated  in  the  composite 
naterial. 

First  to  describe  the  structure  of  the  casting 
device  1  :  as  shown  in  Figs.  1  and  2,  it  incorporates 
a  casting  mold  5,  within  which,  in  this  first 
Dreferred  embodiment  of  the  apparatus  accord- 
ng  to  the  present  invention,  there  are  defined  two 
;hambers:  a  pressure  chamber  4  which  is  shaped 
3s  a  cylinder  of  a  relatively  large  diameter,  and  a 
casting  chamber  3  the  side  surface  of  which  is 
formed  as  a  cylinder  of  a  relatively  small  diameter 
[in  fact  of  approximately  the  diameter  of  the 
Formed  body  2  of  reinforcing  material  that  is 
anticipated  to  be  used  with  this  apparatus  for 
being  incorporated  into  composite  material,  i.e.  in 
this  first  preferred  embodiment  of  diameter  about 
25  mm),  which  is  coaxial  with  the  pressure 
chamber  4  and  axially  communicated  thereto, 
opening  from  its  bottom.  In  this  first  preferred 
apparatus  embodiment,  the  casting  chamber  3  is 
open  at  its  bottom,  extending  through  the  bottom 
portion  of  the  casting  mold  5  and  thus  being 
formed  as  a  cylindrical  through  hole.  A  cylindrical 
pressure  plunger  7  is  adapted  to  be  slidingly 
inserted  into  the  cylindrical  pressure  chamber  4 
from  the  top  downwards  and  slides  tightly  therein 
in  a  gas  tight  manner;  and  a  cylindrical  knock  out 
pin  8  is  adapted  to  be  slidingly  inserted  into  the 
cylindrical  casting  chamber  3  from  the  bottom 
upwards  and  also  slides  tightly  therein  in  a  gas 
tight  manner.  In  this  particular  first  preferred 
apparatus  embodiment,  the  top  end  surface  9  of 
this  knock  out  pin  8  is  formed  with  a  central 
protuberance  11  for  a  purpose  which  will  become 
apparent  later,  with  a  diameter  which  in  this  first 
preferred  embodiment  was  about  10mm. 

This  casting  device  1  was  used  as  follows,  in 
order  to  practice  the  first  preferred  embodiment 
of  the  method  for  manufacturing  composite 
material  according  to  the  present  invention. 

First,  a  hollow  cylindrical  reinforcing  material 

tormed  Dooy  z  was  Tormea  as  snown  in  rig.  j  ot 
carbon  fibers  of  type  "Toreka®  M-40",  of  average 
fiber  diameter  7um,  manufactured  by  Tore  K.K.. 
This  reinforcing  material  formed  body  2  had  a 

5  central  axial  hole  10,  and  its  approximate  dimen- 
sions  were:  length  80mm,  internal  diameter 
10mm,  and  external  diameter  24mm.  The  formed 
body  2  was  manufactured  by  winding  the  carbon 
fibers  at  a  25°  angle. 

o  Next,  after  performing  a  per  se  well  known 
surface  treatment  on  this  formed  body  2,  it  was 
preheated  to  a  temperature  of  700°C  in  argon  gas. 
Then,  with  the  plunger  7  withdrawn  from  the 
casting  device  1  of  Figs.  1  and  2  so  that  the  top 

'5  opening  of  the  pressure  chamber  4  of  the  casting 
mold  5  thereof  was  open,  and  with  the  knock  out 
pin  8  in  the  position  in  the  casting  chamber  3 
thereof  as  shown  in  Fig.  1  with  the  periphery  of  its 
top  9  end  flush  with  the  bottom  surface  of  the 

>.o  pressure  chamber  4,  the  reinforcing  material 
formed  body  2  was  moved  into  this  pressure 
chamber  4,  and  one  of  its  ends  was  fitted  over  the 
protuberance  11,  which  fitted  snugly  and  tightly 
into  the  hole  10  of  said  formed  body  2,  so  as  to 

»5  hold  the  thus  preheated  reinforcing  material 
formed  body  2  securely  within  said  pressure 
chamber  4  without  the  sides  of  said  formed  body 
2  coming  near  the  sides  of  said  pressure  chamber 
4.  Thereby,  the  formed  body  2  of  reinforcing 

?o  material  was  effectively  kept  from  being  cooled 
by  the  casting  mold  5,  by  being  kept  clear  of  the 
sides  of  the  mold,  without  the  use  of  any  particu- 
lar  support  structure  therefor. 

Immediately  after  this  insertion  of  the  reinforc- 
35  ing  material  formed  body  2  into  the  pressure 

chamber  4,  while  said  formed  body  2  was  still  in 
the  preheated  condition,  a  quantity  6  of  molten 
matrix  metal,  which  in  this  first  preferred  embodi- 
ment  of  the  presnt  invention  was  aluminum  alloy 

<to  of  JIS  standard  AC4C  at  about  750°C,  was  poured 
into  the  pressure  chamber  4  so  as  to  surround  the 
formed  body  2  therein,  and  then  the  plunger  7 
was  slidingly  inserted  into  the  top  of  the  pressure 
chamber  4  from  above,  so  as  to  press  on  the  free 

45  surface  of  the  molten  aluminum  alloy  mass  6. 
This  is  the  state  of  the  apparatus  as  shown  in  Fig. 
1. 

From  this  state,  while  still  the  aluminum  alloy 
matrix  metal  mass  6  was  completely  molten,  the 

so  plunger  7  was  progressively  pressed  downwards 
so  as  to  increase  the  pressure  on  the  molten 
aluminum  alloy  mass  6  in  the  pressure  chamber 
4.  Thus  the  molten  aluminium  alloy  mass  6 
started  to  be  forced  by  this  increasing  pressure 

55  into  the  interstices  of  the  reinforcing  material 
formed  mass  2,  so  as  to  become  intimately 
intermingled  with  the  carbon  fibers  thereof. 

When  the  pressure  in  the  pressure  chamber  4 
reached  about  200  kg/cm2,  then  the  knock  out  pin 

60  8  was  lowered  by  an  external  positioning  means, 
not  shown,  from  its  position  as  seen  in  Fig.  1  to  its 
lower  position  as  seen  in  Fig.  2,  in  which  its  upper 
end  9  was  about  80mm  below  the  bottom  surface 
of  the  pressure  chamber  4.  Thus,  the  lower  or 

65  casting  chamber  3  was  opened  out  to  be  about 
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80mm  long,  i.e.  to  be  substantially  of  the  dimen- 
sions  of  the  reinforcing  material  formed  body  2, 
both  radially  and  axially.  At  this  time,  because  the 
projection  11  in  the  middle  of  this  upper  end  9  of 
the  knock  out  pin  8  was  securely  engaged  in  the 
hole  10  of  the  reinforcing  material  formed  body  2, 
therefore  the  formed  body  2  was  carried  down- 
wards  into  the  casting  chamber  3  on  the  end  of 
the  knock  out  pin  8,  so  as  substantially  to  fill  it, 
along  with  the  molten  aluminum  alloy  matrix 
metal  which  was  already  somewhat  entrained 
into  its  interstices;  and  the  upper  end  of  said 
reinforcing  material  formed  body  2  came  to  be 
substantially  flush  with  the  bottom  surface  of  the 
pressure  chamber  4. 

Next,  the  pressure  provided  in  the  pressure 
chamber  4  by  the  force  applied  to  the  plunger  7 
was  gradually  increased,  according  to  the  force 
applied  to  the  top  end  of  the  plunger  7  by  a  means 
not  shown  in  the  figures  and  not  further 
discussed  herein,  until  it  reached  a  value  of 
approximately  1500kg/cm2.  This  pressurized  state 
was  maintained  while  the  aluminum  alloy  matrix 
metal  mass  6  cooled,  until  it  had  completely 
solidified. 

Then  the  plunger  7  was  removed  from  the  top 
of  the  apparatus,  and  the  solidified  cast  form 
produced  was  removed  from  the  apparatus  by  the 
knock  out  pin  8  being  pushed  upwards  in  the 
figures.  This  cast  form  in  fact  consisted,  as  will  be 
easily  understood  based  upon  the  foregoing 
descriptions,  of  a  larger  cylinder  made  of 
solidified  aluminum  alloy  only,  which  had  been 
formed  by  solidification  of  aluminum  alloy  in  the 
pressure  chamber  4,  and  a  smaller  cylinder 
coaxially  abutted  thereto  made  substantially  com- 
pletely  of  reinforcing  carbon  fiber  material  infil- 
trated  with  aluminum  alloy  matrix  metal  to  form  a 
composite  material  cylinder,  which  had  been 
formed  by  solidification  of  aluminum  alloy  in  the 
interstices  of  the  carbon  fiber  reinforcing  material 
shaped  body  2  in  the  casting  chamber  3. 

Finally,  this  smaller  composite  material  cylinder 
was  cut  away  from  the  larger  aluminum  alloy 
cylinder  abutted  thereto.  This  separation  was 
accomplished  by  a  single  simple  saw  cut,  which  is 
a  very  important  feature  of  the  present  invention. 
The  larger  aluminum  alloy  cylinder  was  of  course 
recycled,  while  the  composite  material  cylinder, 
which  was  the  finished  product,  was  cut  in  cross 
section  and  examined  under  an  electron 
microscope.  The  results  of  this  observation  were 
that  no  casting  flaws  at  all  were  observed,  such  as 
for  example  penetration  faults  where  the 
aluminum  alloy  matrix  metal  might  not  have 
penetrated  into  the  carbon  fiber  reinforcing 
material  body  sufficiently,  even  at  the  surface  of 
the  composite  material  body.  Thus,  it  was  con- 
firmed  that  the  aluminum  alloy  matrix  metal  had 
satisfactorily  and  evenly  penetrated  into  the  rein- 
forcing  material  formed  body,  between  the  car- 
bon  fibers  of  which  it  was  composed,  across  the 
entire  cross  section  of  the  composite  material. 

Thus  it  will  be  seen  that,  according  to  this  first 
preferred  embodiment  of  the  present  invention,  it 

is  possible  to  heat  the  formed  mass  2  of  reinforc- 
ing  material  up  to  a  temperature  at  least  equal  to 
the  melting  point  of  the  matrix  metal,  before 
placing  it  to  be  held  in  the  pressure  chamber  4; 

5  and,  since  the  pressure  chamber  4  is  substantially 
larger  than  the  reinforcing  material  mass  2,  said 
reinforcing  material  mass  2  need  not  come  to  be 
very  near  the  walls  of  said  pressure  chamber  4. 
Thereby,  it  will  not  occur  that  the  reinforcing 

io  material  mass  2,  after  having  been  thus  pre- 
heated,  should  become  too  much  cooled  down  in 
the  pressure  chamber  4,  before  the  molten  matrix 
metal  6  is  poured  thereinto.  Thus,  the  advantages 
of  the  practice  of  preheating  the  reinforcing 

is  material  to  a  temperature  at  least  as  high  as  the 
melting  point  of  the  matrix  metal  as  described 
above  may  be  satisfactorily  realized,  and  by  this 
preheating  the  molten  matrix  metal  is  well  infil- 
trated  into  the  interstices  of  the  reinforcing 

20  material.  Therefore,  the  resulting  composite  . 
material  mass  has  good  mechanical  characteris- 
tics,  and  good  and  even  compounding  are 
obtained  between  the  matrix  metal  and  the  rein- 
forcing  material  thereof.  Further,  the  casting 

25  chamber  3,  into  which  the  reinforcing  material 
mass  2  is  moved  when  once  it  is  surrounded  by 
molten  matrix  metal  and  the  problem  of  cooling 
thereof  has  passed,  and  within  which  the  matrix  - 
metal  6  solidifies  within  and  around  the  reinforc- 

30  ing  material  mass  2,  is  substantially  smaller  than 
the  pressure  chamber  4,  and  in  fact  quite  closely 
conforms  to  the  size  and  shape  of  said  reinforcing 
material  mass  2.  Thus  the  amount  of  post  machin- 
ing  of  the  composite  material  mass  produced  by 

35  this  method  is  reduced  as  compared  with  the  case 
of  a  conventional  process,  since  almost  no 
extraneous  matrix  metal  is  left  around  the  com- 
posite  material.  Thereby  composite  material  can 
be  produced  at  low  cost  and  in  an  efficient 

40  manner. 

The  second  preferred  embodiment 
Figs.  4  and  5  show,  in  a  fashion  similar  to  Figs.  1 

and  2  respectively,  in  explanatory  longitudinal 
45  sectional  views,  an  apparatus  or  casting  device  1 

which  is  a  second  preferred  embodiment  of  the 
apparatus  for  manufacturing  composite  material 
of  the  present  invention,  again  in  two  different 
phases  of  performance  of  manufacture  of  corn- 

so  posite  material  according  to  a  second  preferred 
embodiment  of  the  method  for  manufacturing 
composite  material  according  to  the  present 
invention.  In  these  figures,  parts  of  the  second 
preferred  apparatus  embodiment  shown,  which 

55  correspond  to  parts  of  the  first  preferred 
apparatus  embodiment  shown  in  Figs.  1  and  2, 
and  which  have  the  same  functions,  are  desig- 
nated  by  the  same  reference  numerals  as  in  those 
figures.  In  this  second  preferred  embodiment,  the 

60  form  of  the  reinforced  material  shaped  mass  2  is 
the  same  as  that  in  the  first  preferred  embodi- 
ment,  as  illustrated  in  Fig.  3. 

First  to  describe  the  structure  of  the  casting 
devuce  1:  as  shown  in  Figs.  4  and  5,  it  incor- 

65  porates  a  casting  mold  5,  within  which,  in  this 
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econd  preferred  embodiment  of  the  apparatus 
ccording  to  the  present  invention,  there  is  only 
lefined  one  chamber,  a  pressure  chamber  4 
vhich  is  shaped  as  a  cylinder  of  a  relatively  large 
liameter.  In  this  second  preferred  apparatus 
imbodiment,  the  pressure  chamber  4  is  formed 
vith  a  through  hole  20  extending  through  the 
•ottom  portion  of  the  casting  mold  5,  and  thus  is 
ipen  at  its  bottom.  A  cylindrical  second  knock  out 
•in  12  is  adapted  to  be  slidingly  inserted  into  the 
hrough  hole  20  from  the  bottom  upwards  and 
ilides  tightly  therein  in  a  gas  tight  manner,  thus 
:losing  the  pressure  chamber  4.  A  cylindrical 
>ressure  plunger  7  is  adapted  to  be  slidingly 
nserted  into  the  cylindrical  pressure  chamber  4 
rom  the  top  downwards  and  slides  tightly  therein 
n  a  gas  tight  manner;  and  a  casting  chamber  3  is 
iefined  in  the  interior  of  said  cylindrical  pressure 
jlunger  7,  its  side  surface  being  formed  as  a 
:yiindrical  through  hole  of  a  relatively  small 
liameter  (in  fact  again  of  approximately  the 
iiameter  of  the  formed  body  2  of  reinforcing 
material  that  is  anticipated  to  be  used  with  this 
apparatus  for  being  incorporated  into  composite 
naterial,  i.e.  in  this  second  preferred  embodiment 
jf  diameter  about  25mm)  coaxial  with  the  outer 
surface  of  the  pressure  plunger  7  and  opening 
30th  to  its  top  surface  and  to  its  bottom  surface.  A 
jylindrical  first  knock  out  pin  8  is  adapted  to  be 
slidingly  inserted  into  the  cylindrical  casting 
chamber  3  from  the  top  downwards  and  also 
slides  tightly  therein  in  a  gas  tight  manner.  No 
Darticular  construction  is  provided  on  this  first 
mock  out  pin  8  for  engaging  with  the  reinforcing 
naterial  formed  body  2,  in  this  second  preferred 
ambodiment,  for  a  reason  which  will  be  explained 
shortly. 

This  casting  device  1  was  used  as  follows,  in 
order  to  practice  the  second  preferred  embodi- 
ment  of  the  method  for  manufacturing  composite 
material  according  to  the  present  invention. 

First,  a  hollow  cylindrical  reinforcing  material 
formed  body  2,  similar  to  the  one  shown  in  Fig.  3 
although  in  fact  the  central  hole  10  was  omitted, 
was  made  of  boron  fibers  of  average  fiber  dia- 
meter  140um  manufactured  by  AVCO.  This  rein- 
forcing  material  formed  body  2  had  a  length  of 
75mm  and  an  external  diameter  of  23mm.  The 
formed  body  2  was  manufactured  by  aligning  the 
boron  fibers  in  parallel  and  securing  the  bundle 
near  each  of  its  ends  with  stainless  steel  wire. 

Next  this  formed  body  2  was  preheated  to  a 
temperature  of  about  750°C  in  argon  gas.  Then, 
with  the  plunger  7  withdrawn  from  the  casting 
device  1  of  Figs.  4  and  5  so  that  the  top  opening  of 
the  pressure  chamber  4  of  the  casting  mold  5 
thereof  was  open,  so  as  to  have  access  to  the 
underside  of  said  plunger  7,  and  with  the  first 
knock  out  pin  8  in  an  upper  position  in  the  casting 
chamber  3  thereof  as  shown  in  Fig.  4  with  the  its 
lower  end  9  removed  by  about  75mm  from  the 
bottom  surface  of  the  pressure  plunger  7,  one  end 
of  the  reinforcing  material  formed  body  2  was 
wedged  into  the  lower  open  end  of  the  casting 
chamber  3,  into  which  it  fitted  snugly  but  not 

extremely  tigntiy  (viae  tne  respective  aimensions 
thereof  as  given  above),  so  as  to  hold  the  thus 
preheated  reinforcing  material  formed  body  2 
securely  projecting  from  the  underside  surface  of 

;  the  pressure  plunger  7. 
Next,  a  quantity  6  of  molten  matrix  metal, 

which  in  this  second  preferred  embodiment  of  the 
present  invention  was  aluminum  alloy  of  JIS 
standard  ADC12  at  about  750°C,  was  poured  into 

o  the  pressure  chamber  4,  and  then,  immediately 
after  this  pouring  in  of  the  molten  matrix  metal  6, 
the  pressure  plunger  7  was  slidingly  inserted  into 
the  top  of  the  pressure  chamber  4  from  above,  so 
us  to  press  on  the  free  surface  of  the  molten 

5  aluminum  alloy  mass  6,  with  the  reinforcing 
material  formed  body  2  still  protruding  from  the 
bottom  surface  of  said  pressure  plunger  7  and  still 
in  the  heated  condition,  so  that  said  formed  body 
2  was  received  in  the  molten  matrix  metal  6  in  the 

'0  pressure  chamber  4  without  the  sides  of  said 
formed  reinforcing  material  body  2  coming  near 
the  sides  of  said  pressure  chamber  4.  Thereby, 
the  formed  body  2  of  reinforcing  material  was 
effectively  kept  from  being  cooled  by  the  casting 

>.5  mold  5,  by  being  kept  clear  of  the  sides  of  the 
mold,  without  the  use  of  any  particular  support 
structure  therefor.  This  is  the  state  of  the 
apparatus  as  shown  in  Fig.  4. 

From  this  state,  while  still  the  aluminum  alloy 
?o  matrix  metal  mass  6  was  completely  molten,  the 

plunger  7  was  progressively  pressed  downwards 
so  as  to  increase  the  pressure  on  the  molten 
aluminum  alloy  mass  6  in  the  pressure  chamber 
4.  Thus  the  molten  aluminum  alloy  mass  6  started 

J5  to  be  forced  by  this  increasing  pressure  into  the 
interstices  of  the  reinforcing  material  formed 
mass  2,  so  as  to  become  intimately  intermingled 
with  the  boron  fibers  thereof. 

When  the  pressure  in  the  pressure  chamber  4 
40  reached  some  particular  pressure,  the  magnitude 

of  which  is  not  particularly  known  and  not  particu- 
larly  relevant,  then  this  increasing  pressure 
pushed  on  the  lower  end  of  the  formed  body  and 
forced  it  upwards  into  the  casting  chamber  3  until 

45  it  abutted  against  the  end  of  the  first  knock  out  pin 
8,  so  as  substantially  to  fill  said  casting  chamber 
3,  along  with  the  molten  aluminum  alloy  matrix 
metal  which  was  already  somewhat  entrained 
into  the  interstices  of  the  reinforcing  material 

so  formed  body  2;  and  the  lower  end  of  said  rein- 
forcing  material  formed  body  2  came  to  be  sub- 
stantially  flush  with  the  upper  surface  of  the 
pressure  plunger  7. 

Next,  the  pressure  provided  in  the  pressure 
55  chamber  4  by  the  force  applied  to  the  plunger  7 

was  gradually  increased,  according  to  the  force 
applied  to  the  top  end  of  the  plunger  7  by  a  means 
not  shown  in  the  figures  and  not  further 
discussed  herein,  until  it  reached  a  value  of 

60  approximately  1500kg/cm2.  This  pressurized  state 
was  maintained  while  the  aluminum  alloy  matrix 
metal  mass  6  cooled,  until  it  had  completely 
solidified. 

Then  the  plunger  7  was  removed  from  the  top 
65  of  the  apparatus  and  the  solidified  cast  form 
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produced  was  removed  from  the  apparatus,  by 
the  first  knock  out  pin  8  being  pushed  downwards 
and  the  second  knock  out  pin  12  being  pushed 
upwards  in  the  figures.  This  cast  form  in  fact 
again  in  this  second  preferred  embodiment  con- 
sisted,  as  will  be  easily  understood  based  upon 
the  foregoing  descriptions,  of  a  larger  cylinder 
made  of  solidified  aluminum  alloy  only,  which 
had  been  formed  by  solidification  of  aluminum 
alloy  in  the  pressure  chamber  4,  and  a  smaller 
cylinder  coaxially  abutted  thereto  made  sub- 
stantially  completely  of  reinforcing  boron  fiber 
material  infiltrated  with  aluminum  alloy  matrix 
metal  to  form  a  composite  material  cylinder, 
which  had  been  formed  by  solidification  of 
aluminum  alloy  in  the  interstices  of  the  boron 
fiber  reinforcing  material  shaped  body  2  in  the 
casting  chamber  3. 

Finally,  this  smaller  composite  material  cylinder 
was  cut  away  from  the  larger  aluminum  alloy 
cylinder  abutted  thereto.  This  separation  again 
was  accomplished  by  a  single  simple  saw  cut, 
which  is  a  very  important  feature  of  the  present 
invention.  The  larger  aluminum  alloy  cylinder 
was  again  of  course  recycled,  while  the  com- 
posite  material  cylinder,  which  was  the  finished 
product,  was  cut  in  cross  section  and  examined 
under  an  electron  microscope.  The  results  of  this 
observation  again  were  that  no  casting  flaws  at  all 
were  observed,  such  as  for  example  penetration 
faults  where  the  aluminum  alloy  matrix  metal 
might  not  have  penetrated  into  the  boron  fiber 
reinforcing  material  body  sufficiently,  even  at  the 
surface  of  the  composite  material  body.  Thus,  in 
the  same  way  as  in  the  first  preferred  embodi- 
ment  described  above,  it  was  confirmed  that  the 
aluminum  alloy  matrix  metal  had  satisfactorily 
and  evenly  penetrated  into  the  reinforcing 
material  formed  body,  between  the  boron  fibers 
of  which  it  was  composed,  across  the  entire  cross 
section  of  the  composite  material. 

Substantially  the  same  general  advantages  are 
obtained  in  the  case  of  this  second  preferred 
embodiment  of  the  present  invention  as  in  the 
case  of  the  first  preferred  embodiment  described 
above.  In  addition,  according  to  this  second"  pre- 
ferred  embodiment,  the  effect  of  the  previously 
identified  Japanese  patent  application  serial  no. 
Sho  56  —  32289  may  be  obtained,  since  the 
pressurized  matrix  metal  6  will  tend  to  percolate 
through  the  interstices  of  the  reinforcing  material 
formed  body  2,  which  is  intercepting  communica- 
tion  between  the  pressure  chamber  4  and  the 
casting  chamber  3,  under  the  influence  of  the 
difference  in  pressure  between  these  two  cham- 
bers,  before  the  reinforcing  material  formed  body 
2  has  been  forced  completely  into  said  casting 
chamber  3.  Thereby,  the  advantages  of  using  a 
case  with  one  end  only  open,  and  an  air  chamber 
defined  therein,  as  described  previously,  are 
attained,  and  the  molten  matrix  metal  6  is  infil- 
trated  into  the  interstices  of  the  reinforcing 
material  formed  body  2  in  a  directed  manner.  This 
is  done  without  the  need  arising  for  the  removal 
of  any  case  such  as  was  used  in  the  above 

identified  prior  art  from  around  the  produced 
composite  material,  after  solidification  of  the 
matrix  metal  which  is  accordingly  very  advan- 
tageous. 

5 
The  third  preferred  embodiment 

Figs.  6  and  7  show,  in  a  fashion  similar  to  Figs.  1 
and  4  and  2  and  5  respectively,  in  explanatory 
longitudinal  sectional  views,  an  apparatus  or 

io  casting  device  1  which  is  a  third  preferred 
embodiment  of  the  apparatus  for  manufacturing 
composite  material  of  the  present  invention, 
again  in  two  different  phases  of  performance  of 
manufacture  of  composite  material  according  to  a 

15  third  preferred  embodiment  of  the  method  for 
manufacturing  composite  material  according  to 
the  present  invention.  In  these  figures,  parts  of 
the  third  preferred  apparatus  embodiment 
shown,  which  correspond  to  parts  of  the  first  and 

20  second  preferred  apparatus  embodiments  shown 
in  Figs.  1  and  2  and  4  and  5  respectively,  and 
which  have  the  same  functions,  are  designated  by 
the  same  reference  numerals  as  in  those  figures. 
In  this  third  preferred  embodiment,  the  form  of 

25  the  reinforced  materual  shaped  mass  2  is  differ- 
ent  from  that  in  the  first  and  second  preferred 
embodiments,  and  is  illustrated  in  Fig.  8  in  per- 
spective  view. 

First  to  describe  the  structure  of  the  casting 
30  device  1:  as  shown  in  Figs.  6  and  7,  this  third 

preferred  embodiment  of  the  apparatus  accord- 
ing  to  the  present  invention  is  substantially  the 
same  as  the  first  preferred  apparatus  embodi- 
ment  illustrated  in  Figs.  1  and  2,  except  for  the 

35  points  that  (1  )  the  casting  chamber  3  is  of  a  larger 
diameter  than  in  the  first  preferred  apparatus 
embodiment,  this  diameter  in  fact  being  about 
40mm,  and  again  in  fact  being  approximately  the 
same  as  the  diameter  of  the  formed  body  2  of 

40  reinforcing  material  that  is  anticipated  to  be  used 
with  this  apparatus  for  being  incorporated  into 
composite  material;  and  (2)  that,  in  this  particular 
third  preferred  apparatus  embodiment,  the  top 
end  surface  9  of  the  knock  out  pin  8  is  formed  with 

45  a  central  depression  17  for  a  purpose  which  will 
become  apparent  later. 

This  casting  device  1  was  used  as  follows,  in 
order  to  practice  the  third  preferred  embodiment 
of  the  method  for  manufacturing  composite 

so  material  according  to  the  present  invention. 
First,  a  solid  cylindrical  reinforcing  material 

formed  body  2  was  formed  as  shown  in  Fig.  8  of 
ceramic  fibers  of  type  "KAOWOOL"  (this  is  a 
registered  trademark)  of  average  fiber  diameter 

55  2.8pm,  manufactured  by  Isolite  Babcock  Fireproof 
K.  K..  This  ceramic  reinforcing  material  formed 
cylindrical  body  2  had  a  height  of  20  mm  and  an 
approximate  diameter  of  39mm,  and  also  was 
formed  with  a  central  protuberance  16  of  dia- 

60  meter  approximately  1  5.5mm  and  height  approxi- 
mately  5mm,  adapted  to  be  a  press  fit  into  the 
depression  17  on  the  top  end  9  of  the  knock  out 
pin  8  as  will  be  seen  later.  This  ceramic  formed 
body  2  was  manufactured  by  molding  the  above 

65  identified  ceramic  fibers  with  substantially  ran- 
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dom  orientations  at  a  bulk  density  of  approxi- 
mately  0.18gm/cm3. 

Next,  this  formed  body  2  was  preheated  to  a 
temperature  of  700°C  in  argon  gas.  Then,  with  the 
plunger  7  withdrawn  from  the  casting  device  1  of 
Figs.  6  and  7  so  that  the  top  opening  of  the 
pressure  chamber  4  of  the  casting  mold  5  thereof 
was  open,  and  with  the  knock  out  pin  8  in  the 
position  in  the  casting  chamber  3  thereof  as 
shown  in  Fig.  6  with  the  periphery  of  its  top  end  9 
flush  with  the  bottom  surface  of  the  pressure 
chamber  4,  the  reinforcing  material  formed  body 
2  was  moved  into  this  pressure  chamber  4,  and 
the  protuberance  16  on  its  end  was  press  fitted 
snugly  and  tightly  into  the  depression  17  in  said 
top  end  9  of  the  knock  out  pin  8,  so  as  to  hold  the 
thus  preheated  reinforcing  material  formed  body 
2  securely  within  said  pressure  chamber  4  with- 
out  the  sides  of  said  formed  body  2  coming  near 
the  sides  of  said  pressure  chamber  4.  Thereby, 
the  formed  body  2  of  ceramic  reinforcing  material 
was  effectively  kept  from  being  cooled  by  the 
casting  mold  5,  by  being  kept  clear  of  the  sides  of 
the  mold,  without  the  use  of  any  particular 
support  structure  therefor. 

Immediately  after  this  insertion  of  the  reinforc- 
ing  material  formed  body  2  into  the  pressure 
chamber  4,  while  said  formed  body  2  was  still  in 
the  preheated  condition,  a  quantity  6  of  molten 
matrix  metal  which  in  this  third  preferred  embodi- 
ment  of  the  present  invention  was  aluminum 
alloy  of  JIS  standard  AC8A  at  about  750°C,  was 
poured  into  the  pressure  chamber  4  so  as  to 
surround  the  formed  body  2  therein,  and  then  the 
plunger  7  was  slidingly  inserted  into  the  top  of  the 
pressure  chamber  4  from  above,  so  as  to  press  on 
the  free  surface  of  the  molten  aluminum  alloy 
mass  6.  This  is  the  state  of  the  apparatus  as 
shown  in  Fig.  6. 

From  this  state,  while  still  the  aluminum  alloy 
matrix  metal  mass  6  was  completely  molten,  the 
plunger  7  was  progressively  pressed  downwards 
so  as  to  increase  the  pressure  on  the  molten 
aluminum  alloy  mass  6  in  the  pressure  chamber 
4.  Thus  the  molten  aluminum  alloy  mass  6  started 
to  be  forced  by  this  increasing  pressure  into  the 
interstices  of  the  ceramic  reinforcing  material 
formed  mass  2,  so  as  to  become  intimately 
intermingled  with  the  ceramic  fibers  thereof. 

When  the  pressure  in  the  pressure  chamber  4 
reach  about  200kg/cm2  to  400kg/cm2,  then  the 
knock  out  pin  8  was  lowered  by  an  external 
positioning  means,  not  shown,  from  its  position 
as  seen  in  Fig.  6  to  its  lower  position  as  seen  in 
Fig.  7,  in  which  its  upper  end  9  was  about  20mm 
below  the  bottom  surface  of  the  pressure 
chamber  4.  Thus,  the  casting  chamber  3  was 
opened  out  to  be  about  20mm  long,  i.e.  to  be 
substantially  of  the  dimensions  of  the  reinforcing 
material  formed  body  2,  both  radially  and  axially. 
at  this  time,  because  the  depression  17  in  the 
middle  of  this  upper  end  9  of  the  knock  out  pin  8 
was  securely  engaged  with  the  projection  16  of 

"the  reinforcing  material  formed  body  2,  therefore 
this  formed  body  2  was  carried  downwards  into 

the  casting  chamber  3  on  the  end  ot  the  KnocK  out 
pin  8,  so  as  substantially  to  fill  it,  along  with  the 
molten  aluminum  alloy  matrix  metal  which  was 
already  somewhat  entrained  into  the  interstices 

5  between  its  ceramic  fibers;  and  the  upper  end  of 
said  reinforcing  material  formed  body  2  came  to 
be  substantially  flush  with  the  bottom  surface  of 
the  pressure  chamber  4. 

Next,  the  pressure  provided  in  the  pressure 
w  chamber  4  by  the  force  applied  to  the  plunger  7 

was  gradually  increased,  according  to  the  force 
applied  to  the  top  end  of  the  plunger  7  by  a  means 
not  shown  in  the  figures  and  not  further 
discussed  herein,  until  it  reach  a  value  of  approxi- 

15  mately  1500kg/cm2.  This  pressurized  state  was 
maintained  while  the  aluminum  alloy  matrix 
metal  mass  6  cooled,  until  it  had  completely 
solidified. 

Then  the  plunger  7  was  removed  from  the  top 
io  of  the  apparatus,  and  the  solidified  cast  form 

produced  was  removed  from  the  apparatus  by  the 
knock  out  pin  8  being  pushed  upwards  in  the 
figures.  This  cast  form  in  fact  consisted,  as  will  be 
easily  understood  based  upon  the  foregoing 

25  descriptions,  of  a  larger  cylinder  made  of 
solidified  aluminum  alloy  only  which  had  been 
formed  by  solidification  of  aluminum  alloy  in  the 
pressure  chamber  4,  and  a  smaller  cylinder 
coaxially  abutted  thereto  made  substantially  com- 

30  pletely  of  reinforcing  ceramic  fiber  material  infil- 
trated  with  aluminum  alloy  matrix  metal  to  form  a 
composite  material  cylinder,  which  had  been 
formed  by  solidification  of  aluminum  alloy  in  the 
interstices  of  the  ceramic  fiber  reinforcing 

35  material  shaped  body  2  in  the  casting  chamber  3. 
Finally,  this  smaller  composite  material  cylinder 

was  cut  away  from  the  larger  aluminum  alloy 
cylinder  abutted  thereto.  This  separation  was 
again  accomplished  by  a  single  simple  saw  cut, 

40  which  is  a  very  important  feature  of  the  present 
invention,  the  larger  aluminum  alloy  cylinder  was 
again  of  course  recycled,  while  the  composite 
material  cylinder,  which  was  the  finished  product, 
was  cut  in  cross  section  and  examined  under  an 

45  electron  microscope.  The  results  of  this  observa- 
tion  again  were  that  no  casting  flaws  at  all  were 
observed,  such  a  for  example  penetration  faults 
where  the  aluminum  alloy  matrix  metal  might  not 
have  penetrated  into  the  ceramic  fiber  reinforcing 

so  material  body  sufficiently,  even  at  the  surface  of 
the  composite  material  body.  Thus,  similarly  to 
the  results  of  the  first  and  second  preferred 
embodiments,  it  was  confirmed  that  the 
aluminum  alloy  matrix  metal  had  satisfactorily 

55  and  evenly  penetrated  into  the  ceramic  reinforc- 
ing  material  formed  body,  between  the  ceramic 
fibers  of  which  it  was  composed,  across  the  entire 
cross  section  of  the  composite  material,  in  this 
third  preferred  embodiment. 

60  This  third  preferred  embodiment  is  very  similar 
to  the  first  preferred  embodiment,  and  accord- 
ingly  detailed  discussion  of  its  advantages  will  be 
omitted  herein.  The  variation  in  the  means  for 
fixing  the  reinforcing  material  formed  body  2  to 

65  the  upper  end  9  of  the  knock  out  pin  8  may  be 
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helpful,  depending  upon  the  particular  circum- 
stances. 

Other  experiments,  which  will  not  be  described 
in  detail  herein,  were  carried  out,  using  mag- 
nesium  alloy,  copper  alloy,  and  so  forth  as  matrix 
metal,  and  manufacturing  composite  materials  in 
analogous  ways  to  the  three  preferred  embodi- 
ments  of  the  method  according  to  the  present 
invention  which  have  been  described  above;  and 
again,  similarly  to  the  testing  procedure  in  the 
three  preferred  embodiments  already  described, 
sections  of  the  resulting  composite  materials  were 
examined  under  an  electron  microscope.  The 
results  of  these  observations  again  were  that  no 
casting  flaws  at  all  were  observed,  such  as  for 
example  penetration  faults  where  the  matrix  metal 
might  not  have  penetrated  into  the  reinforcing 
material  bodies  sufficiently,  even  at  the  surface  of 
the  composite  material  bodies.  Thus,  similarly  to 
the  results  of  the  first,  second,  and  third  preferred 
embodiments,  it  was  confirmed  that  the  matrix 
metal  had  in  each  case  satisfactorily  and  evenly 
penetrated  into  the  reinforcing  material  formed 
bodies,  between  the  finely  divided  members  of 
which  they  were  composed,  across  the  entire 
cross  section  of  the  composite  material. 

Claims 

1.  A  method  of  manufacturing  a  composite 
material  in  which  a  formed  mass  of  reinforcing 
material  (2)  having  interstices  is  embedded  in 
matrix  metal  by  placing  and  submerging  said 
formed  mass  of  reinforcing  material  in  a  molten 
mass  of  said  matrix  metal  (6)  containing  in  a 
pressure  chamber  (4),  applying  pressure  to  said 
molten  mass  of  said  matrix  metal  thereby  forcing 
said  matrix  metal  into  said  interstices,  and  allow- 
ing  said  molten  mass  of  said  matrix  metal  to 
solidify  while  maintaining  the  pressure  applied 
thereto,  characterized  by  moving  said  formed 
mass  of  reinforcing  material  (2)  in  said  pressure 
chamber  (4)  as  submerged  in  said  molten  mass  of 
said  matrix  metal  (6)  from  said  pressure  chamber 
(4).  where  a  first  space  is  left  around  said  formed 
mass  of  reinforcing  material  for  receiving  said 
molten  mass  of  said  matrix  metal  to  a  casting 
chamber  (3)  where  a  second  space  which  is 
substantially  smaller  than  said  first  space  is  left 
around  said  formed  mass  of  reinforcing  material 
for  receiving  said  formed  mass  of  reinforcing 
material  (2)  together  with  said  molten  mass  of  said 
matrix  metal  before  said  molten  mass  of  said 
matrix  metal  solidifies. 

2.  A  method  according  to  claim  1,  wherein  said 
formed  mass  of  reinforcing  material  (2)  fits  closely 
the  inside  of  said  casting  chamber  (3). 

3.  An  apparatus  for  manufacturing  a  composite 
material  in  which  a  formed  mass  of  reinforcing 
material  (2)  having  interstices  is  embedded  in 
matrix  metal,  comprising  a  casting  mold  (5)  having 
a  pressure  chamber  (4)  for  receiving  a  molten 
mass  of  said  matrix  metal  (6)  and  said  formed 
mass  of  reinforcing  material  (2)  therein,  and  a 
plunger  (7)  slidably  engaged  in  a  part  of  said 

pressure  chamber  so  as  selectiveley  to  reduce  the 
effective  volume  of  said  pressure  chamber  and 
pressurize  said  molten  mass  of  said  matrix  metal 
received  therein,  characterized  by  a  casting 

5  chamber  (3)  defined  by  a  bore  formed  in  either  said 
casting  mold  (5)  or  said  plunger  (7)  and  a  pin  (8) 
slidably  engaged  in  said  bore,  the  volume  of  said 
casting  chamber  (3)  being  selectively  varied  by 
movement  of  said  pin  (8)  in  said  bore  relative  to 

w  said  casting  mold  (5)  so  as  selectively  to  receive  or 
not  to  receive  said  formed  mass  of  reinforcing 
material  (2)  therein. 

4.  An  apparatus  according  to  claim  3,  wherein 
said  pin  (8)  is  formed  with  a  protuberance  (1  1  )  at  an 

15  end  thereof  facing  toward  the  inside  of  said 
pressure  chamber  (4). 

5.  A  apparatus  according  to  claim  3,  wherein 
said  pin  (8)  is  formed  with  a  depression  (17)  at  an 
end  thereof  facing  toward  the  inside  of  said 

20  presuure  chamber  (4). 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  eines  Verbund- 
25  werkstoffs,  bei  dem  eine  geformte  Masse  (2)  aus 

einem  Zwischenraume  aufweisenden  Verstar- 
kungsmaterial  in  einem  Matrixmetall  eingebettet 
ist,  durch 

Einbringen  und  Eintauchen  der  geformten 
30  Masse  aus  dem  Verstarkungsmaterial  in  eine 

geschmolzene  Masse  (6)  aus  dem  Matrixmetall, 
die  in  einer  Druckkammer  (4)  enthalten  ist, 

Ausiiben  von  Druck  auf  die  geschmolzene 
Masse  ausdem  Matrixmetall,  wodurch  das  Matrix- 

35  metall  in  die  Zwischenraume  hineingeprelSt  wird, 
und 

Erstarrenlassen  der  geschmolzenen  Masse  aus 
dem  Matrixmetall,  wahrend  der  darauf  ausgeubte 
Druck  beibehalten  wird, 

40  dadurch  gekennzeichnet,  dalS  die  geformte 
Masse  (2)  aus  dem  Verstarkungsmaterial,  die  in 
der  Druckkammer  (4)  enthalten  und  in  die 
geschmolzene  Masse  (6)  aus  dem  Matrixmetall 
eingetaucht  ist,  aus  der  Druckkammer  (4),  wo  um 

45  die  deformte  Masse  aus  dem  Verstarkungsmate- 
rial  herum  ein  erster  Raum  zum  Aufnehmen  der 
geschmolzenen  Masse  aus  dem  Matrixmetall 
gelassen  wird,  zu  einer  Giefikammer  (3),  wo  um 
die  geformte  Masse  aus  dem  Verstarkungsmate- 

50  rial  herum  ein  zweiter  Raum  gelassen  wird,  der 
wesentlich  kleiner  als  der  erste  Raum  ist,  bewegt 
wird,  um  die  geformte  Masse  (2)  aus  dem  Verstar- 
kungsmaterial  zusammen  mit  der  geschmolzenen 
Masse  aus  dem  Matrixmetall  aufzunehmen,  bevor 

55  die  geschmolzene  Masse  aus  dem  Matrixmetall 
erstarrt. 

2.  Varfahren  nach  Anspruch  1,  bei  dem  die 
geformte  Masse  (2)  aus  dem  Verstarkungsmaterial 
eng  an  der  Innenflache  der  GielSkammer  (3) 

60  anliegt. 
3.  Vorrichtung  zur  Herstellung  eines  Verbund- 

werkstoffs,  bei  dem  eine  geformte  Masse  (2)  aus 
einem  Zwischenraume  aufweisenden  Verstar- 
kungsmaterial  in  einem  Matrixmetall  eingebettet 

65  ist,  mit 
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einer  GieKform  (5),  die  eine  Druckkammer  (4) 
lat,  um  darein  eine  geschmolzene  Masse  (6)  aus 
lem  Matrixmetall  und  die  geformte  Masse  (2) 
iem  Verstarkungsmaterial  aufzunehmen,  und 

einem  Kolben  (7),  der  in  einem  Teil  der  Druck- 
;ammer  verschiebbar  angeordnet  ist,  um  selektiv 
las  wirksame  Voumen  der  Druckkammer  zu  ver- 
nindern  und  die  darein  aufgenommene 
jeschmolzene  Masse  aus  dem  Matrixmetall  unter 
)ruck  zu  setzen, 

gekennzeichnet  durch  einen  GieBkammer  (3), 
lie  durch  eine  Bohrung,  die  entweder  in  der 
SielSform  (5)  Oder  in  dem  Kolben  (7)  gebildet  ist, 
ibgegrenzt  ist,  und  einen  Stift  (8),  der  in  de 
3ohrung  verschiebbar  angeordnet  ist,  wobei  das 
/olumen  der  GieBkammer  (3)  durch  Bewegen  des 
n  der  Bohrung  befindlichen  Stiftes  (8)  relative  zu 
ler  GielSform  (5)  selektiv  verandert  wird,  um  die 
geformte  Masse  (2)  aus  dem  Verstarkungsmate- 
ial  darein  selektiv  aufzunehmen  oder  nicht  aufzu- 
lehmen. 

4.  Vorrichtung  nach  Anspruch  3,  bei  der  der 
stift  (8)  an  einem  dem  Inneren  der  Druckkammer 
4)  zugewandten  Ende  (9)  davon  mit  einem  Vor- 
sprung  (11)  ausgebildet  ist. 

5.  Vorrichtung  nach  Anspruch  3,  bei  der  der 
Stift  (8)  an  einem  dem  Inneren  der  Druckkammer 
;4)  zugewandten  Ende  (9)  davon  mit  einer  Vertie- 
xing  (17)  ausgebildet  ist. 

Revendications 

1.  Un  procede  pour  fabriquer  un  materiau 
;omposite  dans  laquelle  une  masse  fagonnee  de 
materiau  de  renforcement  (2)  presentant  des 
intersectices  est  noyee  dans  un  metal  formant  la 
matrice  par  disposition  et  immersion  de  ladite 
masse  fagonnee  de  materiau  de  renforcement 
dans  une  masse  fondue  dudit  metal  formant  la 
matrice  contenue  dans  une  chambre  de  pression 
(4),  par  application  d'une  pression  a  ladite  masse 
fondue  dudit  metal  formant  la  matrice  de  fagon  a 
forcer  ladite  matrice  dans  lesdits  intersectices  et 
par  solidification  de  ladite  masse  fondue  dutit 
metal  formant  la  matrice  tout  en  maintenant  la 
pression  caracterisee  en  ce  que  Ton  deplace  dans 
ladite  chambre  de  pression  (4)  ladite  masse 
fagonnee  de  materiau  de  renforcement  (2)  sub- 
merged  dans  ladite  masse  fondue  dudit  metal 
formant  la  matrice  (6)  la  chambre  de  pression  (4) 

un  premier  espace  etant  Torme  auxour  ae  iaane 
masse  faconneee  de  materiau  de  renforcement 
pour  que  ladite  masse  fondue  dudit  metal  for- 
mant  la  matrice  puisse  etre  introduite  dans  une 

5  chambre  de  moulage  (3)  ou  est  prevu  un  second 
espace  sensiblement  plus  petit  que  ledit  premier 
espace  autour  de  ladite  masse  fagonnee  de  mate- 
riau  de  renforcement  (2)  et  que  puisse  etre  conte- 
nues  dans  ladite  chambre  de  moulage  ladite 

o  masse  de  materiau  de  renforcement  (2)  ainsi  que 
ladite  masse  fondue  dudit  metal  formant  la 
matrice  avant  que  ce  dernier  ne  se  solidifie. 

2.  Un  procede  selon  la  revendication  1,  dans 
laquelle  ladite  masse  fagonnee  de  materiau  de 

'5  renforcement  (2)  epouse  etroitement  les  parois  de 
ladite  chambre  de  moulage  (3). 

3.  Un  appareil  pour  fabriquer  un  materiau 
composite  dans  lequel  une  masse  fagonee  de 
materiau  de  renforcement  (2)  presentant  des 

>.o  interstices  est  noyee  dans  un  metal  formant  la 
matrice,  ledit  appareil  comprenant  un  moule  pour 
coulee  (5)  muni  d'une  chambre  de  pression  (4) 
pour  y  recevoir  une  masse  fondue  dudit  metal 
formant  la  matrice  (6)  et  ladite  masse  fagonnee  de 

?5  materiau  de  renforcement  (2)  et  d'un  piston  (7) 
coulissant  et  enfonce  dans  une  partie  de  ladite 
chambre  de  pression  de  fagon  a  reduire  selective- 
ment  le  volume  reel  de  ladite  chambre  de  pres- 
sion  et  a  exercer  une  pression  sur  ladite  masse 

jo  fondue  dudit  metal  formant  la  matrice  qui  se 
trouve  dans  la  chambre  de  pression  caracterise 
par  une  chambre  de  moulage  (3)  definie  par  un 
alesage  forme  soit  dans  ledit  moule  pour  coulee 
(5)  dans  ledit  piston  (7)  et  caracterise  de  plus  par 

35  une  tige  coulissante  (8)  engagee  dans  ledit  ale- 
sage,  le  mouvement  de  ladite  tige  (8)  dans  ledit 
alesage  par  rapport  audit  moulage  de  coulee  (5) 
permettant  de  faire  changer  selectivement  le 
volume  de  ladite  chambre  de  moulage  (3)  de 

40  fagon  a  ne  pas  recevoir  ou  a  recevoir,  au  choix, 
ladite  masse  fagonnee  de  materiau  de  renforce- 
ment  (2). 

4.  Un  appareil  selon  la  revendication  3,  dans 
lequel  ladite  tige  (8)  est  formee  avec  une  protube- 

45  ranee  (1  1  )  a  son  extremite  qui  fait  face  a  I'interieur 
de  ladite  chambre  de  pression  (4). 

5.  Un  appareil  selon  la  revendication  3,  dans 
lequel  ladite  tige  (8)  est  formee  avec  un  renfonce- 
ment  (17)  a  son  extremite  qui  fait  face  a  I'interieur 

so  de  ladite  chambre  de  pression  (4). 

55 
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